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Abstract
1. The mixed lymphocyte culture test where live lymphocytes of female mice are cultured
with supersonicated cell homogenate of isogeneic male mice does not reflect the difference in
H-Y histocompatibility antigen alone. 2. When non-H-2 antigens are cumulated in various com-
binations, the rate of blastformation becomes greater than the combination of C3H &#x2640;
themselves. 3. When non-H-2 antigens and H-Y antigens are added in various combinations, the
rate of blastformation becomes significantly higher than in the combination of C3H &#x2640;
themselves.
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Tissue typing of donors and recipients for organ transplantation is
very important in determining the success and survival of transplanted
allografts. The mixed lymphocyte culture (MLC) test is one of the most
important methods for pairing of donors and recipients. Since the degree
of activation of peripheral leucocyte in MLC appears to be correlated
with the rapidity of destruction of test skin grafts exchanged between cell
donors 0, 2), it has been suggested that the lymphoblastoid transforma-
tion represents an in vitro histoincompatilibity phenomenon. Recently, it
has been proposed that stimulation in MLC reflects specific incompa-
tibility at the major genetic locus controlling the fate of transplants; the
HL-A locus of human or the Ag-B locus of rats (3, 4).
In the MLC test using regional lymph-node cells in inbred strains of
mice which have known H-2 antigens (the major histocompatibility anti-
gens) in the presence of phytohemagglutinin-M (PHA), KANEDA and
MIWA of our laboratory have demonstrated that the growth rates of MLC
reflect the differences in H-2 antigens (5-8). However, they have
reported that the extent of blastformation is less marked in the cases of
lymphocytes with only weaker histoincompatibility antigens (non-H-2
antigens or sex-linked antigens).
Further, MIWA has attempted to obtain one-way stimulation by pre-
treating the cells of one of the test subjects by supersonication (9). Such
a treatment prevents the cells from acting as "responding cells" without
preventing them from acting as "stimulating cells". He has mentioned
that in such one-way stimulation method in various combinations of mouse
lymph-node cells, the rate of blastformation manifests quite accurately the
degree of differences in H-2 antigens of mice. But he also demonstrated
that no significant difference in the combinations of lymphocytes with
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weaker histoincompatibility antigens.
Although the cumulative effect of mouse histocompatibility antigens
has been shown in skin allografts of mice (l0), it has not been clarified
whether the cumulative effect or mouse histocompatibility antigens can be
detected by MLC tests or not.
It might be assumed that, if weaker histocompatibility antigens are
added, they may act as strong antigens, It becomes necessary to clarify
whether the cumulative effect of mouse histocompatibility antigens can
be detected by MLC test or not. This paper describes our findings on this
point.
MATERIALS AND METHODS
1. Lymphocytes
About 1-2 months old inbred mice, C3H, CBA and AKR being identical
in H-2 isoantigens (H_2k ), but different in non-H.2 isoantigens were used. All
were obtained from the Mouse Colony of Okayama University Medical School.
Cervical and axillary lymph-nodes of mice were removed and cut into small
pieces in Hank's balanced salt solution. After 30 minutes, these cell suspensions
were filtered through 80-mesh stainless filters. The filtrate was centrifuged at
1500 rpm for 10 minutes. Four ml of TC-199 solution containing 20 percent calf
serum was added to this sediment and cell count was taken. An appropriate
amount of TC-199 solution (containing 20 96 calf serum) was added to the cell
suspension adjusting the cell concentration to 4 x 106 cells/ml. By the above
procedures 98 % of the cells has been proved to be live small lymphocytes.
2. Preparation ~f supersonicated homogenate of lympho()'tes
Two ml of cell suspension was transferred to the 8 ml-centrifugal polyethylene
tube and was supersonicated by the same way as MrwA reported (9). In brief,
Model T-A-420l apparatus of Kaijo Electric Co. was used. The tip was always
of 7¢ tip (7 mm in tip diameter). With the supersonication apparatus the tip end
ohvhich was dipped into the suspension 0.5 cm deep, while cooling the tube in
the ice-bath, the sonication was performed. Each one ml of the cell homogenate
corresponded to 4 x 106 cells/ml of lymphocytes.
3. Mixed culture groups
Combinations of the allogeneic mice both from male and female were
variously tried. For the control groups, lymphocytes of C3H ~ alone were cuI.
tured (Table 1).
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TABLE I
different in sex-linked
antigen alone
different in non-H-2
antigen
different in non-H-2 and
sex-linked antigen
Single culture (control)
L.: live lymphocytes
Son.: sonicated lymphocytes
Tissue Typing
MIXED CULTURE GROUPS
{
C3H 5j< (L.) + 2C3H 5j< (Son.)
C3H 5j< (L.) + 2C3H '0 (Son.)
{
CBA 5j< (L.) + 2CBA 5j< (Son.)
CBA 5j< (L.) + 2CBA '0 (Son.)
{
AKR 5j< (L.) + 2AKR 5j< (Son.)
AKR 5j< (L.) + 2AKR'O (Son.)
{
C3H 5j< (L.) + 2CBA 5j< (Son.)
C3H 5j< (L.) + CBA 5j< (Son.) + AKR 5j< (Son.)
C3H 5j< (L.) + 2AKR 5j< (Son.)
{
C3H 5j< (L.) + 2CBA '0 (Son.)
C3H 5j< (L.) + CBA'O (Son.) + AKR '0 (Son.)
C3H 5j< (L.) + 2AKR '0 (Son.)
C3H Sf (L.)
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i) Combination of isogeneic male and female
Three combinations were made between male and female of C3H, CBA and
AKR. Cells of female mice were used as "responding cells" in each combination.
In the isogeneic and allogeneic mixed cultures, one ml of cell suspension was
mixed with the homogenate of supersonicated cells in the ratio of I : 2 (vIv), as
compared with the combination where two kinds of allogeneic homogenate were
added to one ml of live lymphocyte suspension in the ratio of I : I : I (vIvIv).
ii) Combination of the same sex between di fjerent strains
The combinations used were three sets, that is, C3H!f (L.) + 2CBA!f (Son.),
C3H!f (L.) + CBA!f (Son.) + AKR!f (Son.) and C3H!f (L.)+2AKR!f (Son.). The
live lymphocytes of C3H!f were consistently "responding cells".
iii) Combination of the opposite sex between different strains
The combinations were as follows: C3H!f (L.)+2CBA 6 (son.), C3H!f (L.)+
CBA 6 (Son.)+AKR 6 (Son.) and C3H!f (L.)+2AKR 6 (Son.).
4. Cell culture
The following mixed lymphocyte cultures were then set up with a final cell
count of 4 X 106 cells/4 ml, containing supersonicated homogenate from each
partner with the cells equivalent to two-fold in number. Every culture tube
contained 200 unitslml of penicillin-G potassium and PHA solution was added to
the culture medium in the concentration of I percent (v/v). The mixture was
immediately distributed in 2-ml volume in IS-by gO-mm test tubes.
The cells were cultured for 48-hours at 37°C and then the reaction of cells in
each test tube was assessed morphologically according to the classification of
TANAKA et al. (5). The percentage of large and intermediate cells was taken as the
rate of blastformation. Each MLC test was repeated ten times.
3
Tsunemitsu: Tissue typing by unidirectional mixed lymphocyte culture. I.
Produced by The Berkeley Electronic Press, 1970
306 K. TSUNEMITSU
RESULTS
1. Single cell culture groups (Control groups)
The rate of blastformation (the appearance of large and intermediate
cells) proved to be 8.1 % in the case of single cell culture of C3H ¥ (Table
2). Single cell culture of CBA ¥ and AKR ¥ was performed also, and the
results were approximately similar to those of C3H ¥ .
TABLE 2 PERCENTAGE OF LARGE AND INTERMEDIATE CELLS IN UNIDIRECTIONAL MLC
Strain combination Percentage of large and intermediate cells
----------------------------------
{ C3H -9- (L.) + 2C3H -9- (Son.)C3H -9- (L.) + 2C3H'O (Son.)
{
CBA -9- (L') + 2CBA -9- (Son.)
CBA -9- (L.) + 2CBA'O (Son.)
{
AKR -9- (L. + 2AKR -9- (Son.)
AKR -9- L.) + 2AKR '0 (Son.)
C3H -9- (L.) (Control)
L.: live lymphocytes
SO·.l.: sO:J.icated lymphocytes
8.3 ± 1.9%
10.4 ± 1.7 (0.05<P<0.1)
9.4±1.1
10.5 ± 1.3 (0.05 < P < 0.1)
9.5 ± 1.3
10.2 ± 1.1 (0.2 <P <0.3)
8.1 ± 1.6
2. Combination of isogeneic male and female
With C3H, in the combination of female (live cells) + male (sonicated
homogenate), the rate of blastformation was 10.4 %, while it was 8.3 %
in the combination of C3H ¥ themselves. There was no significant
difference between these two groups. The rates in both groups were not
significantly greater than in control groups.
3. Combination of the same sex between different strains
In the combination of C3H ¥ (live cells) + 2CBA ¥ (sonicated homo-
genate), the rate of blastformation was 11.3 %, and in the combination
of C3H ¥ (live cells) + 2AKR ¥ (sonicated homogenate), it was 12.1 %
(Table 3), Each of these rates was significantly higher than that derived
from MLC of C3H ¥ themselves. Further, when homogenate of CBA ¥
and AKR ¥ was added simultaneously to live cells of C3H ¥, it became
13.4%. It was significantly greater than in the case where homogenate
of CBA ¥ or AKR ¥ acted independently.
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TABLE 3 PERCENTAGE OF LARGE AND INTERMEDIATE CELLS IN UNIDIRECTIONAL MLC
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Straincombination
C3H ~ (L.) + 2CBA ~ (Son.)
C3H ~ (L.) + CBA ~ (Son.) + AKR ~ (Son.)
C3H ~ (L.) + 2AKR ~ (Son.)
C3H ~ (L.) + 2CBA 0 (Son.)
C3H ~ (L.) + CBA 0 (Son.) + AKR 0 (Eon.)
C3H ~ (L.) + 2AKR 0 (Eo:1.)
L.: live lymphocytes
Son.: sonicated lymphocytes
Percentage of large and IntermedIate cells
11.3 ± 1.4% (P<O.Ol)
13.4 ± 2.0 (P < 0.001)
12.1 ± 2.4 (P < 0.0l)
12.6 ± 3.3 (P <0.0l)
17.9 ± 3.6 (P <0.00l)
14.1 ± 1.8 (P < 0.00l)
4. Combination of the opposite sex between different strains
The rate of blastformation is as in Table 3. It was as follows: (i) in
the combination of C3H ~ (L,)+2CBA 0 (Son.): 12.6%, (ii) C3H ~ (L,)+
2AKR 0 (Son,): 14.1 %, (iii) C3H ~ (L.) +CBA 0 (Son.)+AKR 0 (Son.):
17. 1 96. In comparing the results of (i), (ii), (iii), the extent of each blast-
formation was significantly higher than the rate obtained in MLC of
C3H ~ themselves. Furthermore the rate of blastformation of (iii) was
significantly greater than that of (i) and (ii).
DISCUSSION
The MLC test has been used to measure the degree of histoincompati-
bility between two individuals. The original observation 01, 12) was that
when human peripheral blood leucocytes from two genetically unrelated
individuals were mixed, lymphocytes were stimulated to enlarge and
divide. Since then it has been suggested that the MLC reaction represents
a homograft reaction in vitro, in other words, the antigen recognition ~tep
of the allograft rejection response 03, 14, 15).
BACH et at. (3, 16) have shown a correlation between MLC results and
leucocyte typing. They have suggested that the locus controlling in MLC
is the same one which determines the leucocyte antigens and they have
proposed that this is the major histocomparibility locus in man, A correla·
tion between MLC results and allograft survival has been demonstrated
by many investigators 0, 2, 17), Several studies have shown that the MLC
reaction enables us to detect major histocompatibility differences between
inbred strains of rodents; namely, the Ag-B locus of rats or the H-2 locus
of mice (4-9, 15, 18, 19). On the basis of these findings it has been
considered that the degree of stimulation is related to the difference of
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major histocompatibility loci.
It could be assumed, however, that a number of "minor" loci
undoubtedly existed which probably represented weaker histocompatibility
barriers and that if these weaker histocompatibility antigens were added,
they would act as strong antigens.
The production of congenic resistant mouse strains (CR strains), that
is, strains which are essentially identical except for a chromosomal segment
containing different alleles at a histocompatibility locus, has created a
means by which the individual histocompatibility loci can be studied. In
order to study the cumulative effect of mouse histocompatibility antigens,
GRAFF et al. (10) utilized pairs with double, triple, quadruple and multiple
different antigens and exchanged grafts between them. A cumulative
effect was shown, if the discrepancies between the median survival times
of the pairs were not large, while no cumulative effect was shown if the
discrepancies were large.
In the present experiment, we examined to what extent differences
in histocompatibility antigens might be related to the magnitude of in vitro
responses. The MLC test did not reflect the H-Y difference alone, but the
rate of blastformation became significantly higher when non-H·2 antigens
were cumulated. Further, it became greater in the combination of oppo-
site sex between different strains, and it yielded the highest blastformation
rate in the combination where C3H ¥ (live cell) was stimulated by cell
homogenate of CBA 0 +AKR O. It is obscure how many non-H-2 antigens
differ among these strains of mice. From the preliminary results of test
skin grafts exchanged between C3H ¥ and cell donors, it has been identi-
fied that the disparity between C3H and AKR is greater than that between
C3H and CBA. Strength of the MLC reaction corroborates these results.
Individual H-2 isoantigens may be weak immunogen equivalent to
non-H-2 antigens as described by KLEIN (20). Recent studies with mouse
lymphocytes indicate that antigens of the weaker H system may also
induce lymphocyte transformation in vitro (21). Comidering these findings,
it might reasonable to assume that non-H-2 antigens can be cumulated in
vitro, and the more the antigens are cumulated, the greater is the rate of
blastformation.
However, GRAFF et al. (10) has demonstrated that once a host exhibits
its maximum response against an allograft, the addition of more immuno-
gens to that graft, does not further accelerate graft rejection. The problem
to be wIved in our future studies is whether the addition of the non-H-2
different antigens to the H-2 different anigen does cause accelerated
reaction in MLC test.
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1. The mixed lymphocyte culture test where live lymphocytes of
female mice are cultured with supersonicated cell homogenate of isogeneic
male mice does not reflect the difference in H-Y histocompatibility antigen
alone.
2. When non-H-2 antigens are cumulated in various combinations,
the rate of blastformation becomes greater than the combination of C3H ~
themselves.
3. When non-H-2 antigens and H-Y antigens are added in various
combinations, the rate of blastformation becomes significantly higher
than in the combination of C3H ~ themselves.
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